Objective: To define the role of ureteroscopy for treatment of staghorn calculi. Methods: A systematic review was conducted using the Scopus and Medline databases. Original articles and systematic reviews were selected according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Only studies relating to the role of ureteroscopy for treatment of staghorn calculi were included. Results: In five studies on ureteroscopic monotherapy, stone-free rate (SFR) ranged from 33% to 93%, with a maximum four ureteroscopy sessions per patient and no major complications. Endoscopic combined intrarenal surgery (ECIRS) was compared with percutaneous nephrolithotomy (PNL) in two studies and reached significantly higher SFR (88%e91% vs. 59%e65%) and lower operative times (84e110 min vs. 105e129 min). The role of salvage ureteroscopy for residual stones after primary PNL has been highlighted by two studies with a final SFR of 83%e89%. One study reported on the feasibility of ureteroscopy for ureteral stones and same-session PNL for contralateral staghorn calculi, with a SFR of 92%. Conclusion: Ureteroscopy plays a pivotal role in the setting of a combined approach to staghorn calculi. Ureteroscopy is also particularly suitable for clearance of residual stones. In specific cases, ureteroscopy may become the sole applicable therapeutic option to staghorn calculi. Technological advances and refinement of techniques suggest a major role of ureteroscopy for staghorn calculi treatment in close future. ª 2020 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/ licenses/by-nc-nd/4.0/).
Introduction
Staghorn calculi are large branched kidney stones that occupy a large portion of the pyelocaliceal cavities. The exact definition of staghorn calculi in terms of size and shape is a matter of debate, but most authors agree to differentiate "complete" from "partial" staghorn calculi by the extent of involved calices (Fig. 1) [1] . Mostly, staghorn calculi have a mixed stone composition and are related to infection or to a metabolic condition [2, 3] .
Over the past decades, percutaneous nephrolithotomy (PNL) has been the mainstay of treatment for staghorn calculi [4] . Comparatively, ureteroscopy is considered inferior for staghorn calculi treatment, due to its lower stone clearance rate for such large renal stones [5] .
The aim of this study was to define the role of ureteroscopy for treatment of staghorn calculi based on a systematic review of the literature.
Methods
A systematic review was conducted using the Scopus and Medline databases, updated to March 2019 with no time period restriction. The search terms ("ureteroscopy" OR "ureterorenoscopy" OR "retrograde intrarenal surgery") AND ("staghorn calculi" OR "staghorn stone") were used and the filters "English" and "humans" were applied. Original articles and systematic reviews were selected according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Fig. 2) . Reference lists of selected manuscripts were checked manually for eligible articles. Only studies relating to the role of ureteroscopy for treatment of staghorn calculi were included. Case reports, editorials and letters were excluded. A narrative synthesis for analysis of the studies was used.
Results

Ureteroscopic monotherapy
Five studies reporting on fully ureteroscopic management of staghorn calculi were found [5e9]. Aso et al. [6] reported on 34 patients operated between 1986 and 1989 using flexible ureteroscopy and electrohydraulic lithotripsy. Up to four ureteroscopy sessions with a mean operative time of 99 min per session resulted in a stonefree rate (SFR) of 53% for complete staghorn calculi. In the group of patients with partial staghorn calculi, up to three sessions with a mean 90 min per session yielded a SFR of 47%. Complications such as fever, sepsis, extravasation and subcapsular hematoma occurred in 59% and 26% of all operative session for complete and partial staghorn calculi, respectively [6] .
In a case series including a few patients with staghorn calculi, Grasso et al. [7] were able to achieve a 93% SFR within a maximum of three ureteroscopy sessions. One decade later, a series of nine patients with morbid obesity was presented by Wheat et al. [8] . The authors favored multi-stage ureteroscopy sessions over PNL in light of the possible difficulties for percutaneous tract establishment. Mean body mass index was 48 kg/m 2 and patients underwent a mean 2.3 ureteroscopy sessions. The SFR was 33% and mean decrease in stone size was 83%. No complications occurred and the authors concluded that staged ureteroscopy offers a reduction in stone burden with an acceptable patient outcome [8] . A more recent study by Cohen et al. [5] reported on a subgroup of patients undergoing fully ureteroscopic management for staghorn calculi. The SFR was 81% with a maximum of three operative sessions per patient. The latest study was published in 2018 by Scotland et al. [9] , with a SFR of 23%, 71% and 82% after 1-stage, 2-stage and 3-stage ureteroscopy for staghorn calculi, respectively.
Combined antegrade and retrograde approach
For many years in the past century, PNL and ureteroscopy had evolved separately rather than synergistically. While the combination of PNL with extracorporeal shockwave lithotripsy had been acknowledged as a way to increase efficacy of staghorn calculi treatment [10e12], the adjunction of ureteroscopy to PNL had only been sparsely described and was reserved for particular clinical situations, including a few cases with staghorn calculi [13e16]. A patient positioning that would satisfy both techniques concomitantly was not further developed for many years and technological refinements to ureteroscopes were still to come. It was not until recently that Landman et al. [17] as well as Marguet et al. [18] emphasized the added value of simultaneous ureteroscopy during PNL for staghorn calculi, presenting the retrograde approach as a substitution for an additional percutaneous tract to the kidney [17, 18] . Landman et al. [17] and Marguet et al. [18] achieved a SFR of 78% and 71%, respectively, with no major complications using a combined approach with a single percutaneous tract. In the same years, Kidd and Conlin [19] described a series of difficult cases with complex staghorn calculi that were managed by a combined approach. Drilling a path through the stone by Holmium lithotripsy and retrieval of a through-and-through guidewire by ureteroscopy were described as key factors leading to the success of the surgery. Historically, the combined approach to staghorn calculi had been described with patients placed in a modified prone splitleg position [13e17, 19, 20] . Alternatively, ureteroscopy had also been performed in a conventional lithotomy position and then followed by prone position for PNL [18] . In 2007, three independent groups of scientists were first in presenting the advantages of a supine position for the combined approach [21e23]. In 2008dafter further refinement of patient positioningdScoffone et al. [24, 25] defined the so-called endoscopic combined intrarenal surgery (ECIRS), which refers to combination of PNL in a Galdakao-modified supine Valdivia position with simultaneous retrograde intrarenal surgery (RIRS). Although staghorn calculi were included in these series, no specific SFRs were reported for these patient subgroups. In 2012, Lai et al. [26] reported on 20 patients undergoing a second-stage ECRIS after primary minimally invasive PNL (mini-PNL) and reported on a SFR of 90%. In 2015, Zhong et al. [27] compared ECIRS to conventional PNL in prone position for staghorn calculi and found a significantly higher SFR (91% vs. 65% at 1 month, pZ0.038), a significantly lower operative time (110 vs. 129 min, p<0.001) and a significantly lower hemoglobin drop (2.1 g/L vs. 3.5 g/L, p<0.001) in favor of ECIRS. Similarly, in 2016, Wen et al. [28] compared ECIRS with mini-PNL in prone position and found a significantly higher SFR (88% vs. 59%, pZ0.007) and lower operative time (84 vs. 105 min, pZ0.002) in favor of ECIRS for patients with partial staghorn calculi.
Salvage ureteroscopy after PNL
Recently, Xu et al. [29] presented a series of patients undergoing staged salvage ureteroscopy after primary single-tract mini-PNL for treatment of patients with a solitary kidney and staghorn calculi. After salvage ureteroscopy, SFR was 83%. The authors justified this strategy in light of the possibly fatal consequences of bleeding complications associated with the number and size of percutaneous access tracts [29] . Similarly, Zeng et al. [30] performed up to two single-tract mini-PNL sessions followed by a salvage ureteroscopy. The SFR after 3 months was 89%.
Ureteroscopy has also been mentioned as a salvage procedure for residual stones in many other studies after primary PNL for staghorn calculi [23,31e40] . Unfortunately, these studies did not provide any preoperative characteristics or any outcome data specifically relating to these patient subgroups.
Same-session ureteroscopy and contralateral PNL
Although rare, patients may present with a unilateral staghorn calculus and contralateral ureteral stones. If no acute obstructive uropathy is present at the time of diagnosis, these patients may be either offered a staged approach (first retrograde ureteral stone clearance, second PNL of the contralateral staghorn calculus), or a samesession ureteroscopy and contralateral PNLdalso referred to as simultaneous bilateral endoscopic surgery (SBES).
The largest consecutive series published to date consists of 52 patients that were treated by semirigid ureteroscopy in supine lithotomy position for ureteral stones and by PNL in prone position for staghorn calculi in a single operative session [41] . The SFR was 92%. The authors compared this series with a group of patients undergoing a stagedapproach (SFR 94%) and concluded that the simultaneous procedure was equally effective and safe.
Ureteroscopy followed by extracorporeal shock wave lithotripsy
Management of staghorn calculi by primary ureteroscopic lithotripsy followed by one or more sessions of extracorporeal shock wave lithotripsy (ESWL) has been described by few authors [42e44]. These case series comprised eight to 26 patients and SFRs were between 80%e100%, based on plain radiographs with tolerance to residual fragments <4 mm. In the largest and most recent series, Mugiya et al. [44] declared the need for a mean 8.4 ESWL sessions (range 3e26 sessions) until stone-free status was declared. The authors presented the rationale for this strategy, namely the potentially lower renal parenchyma injury compared to a percutaneous approach and the possibility to rule out any ureteral strictures that would impact on spontaneous stone passage after ESWL.
Discussion
European Association of Urology (EAU) and American Urological Association (AUA) guidelines recommend ureteroscopy only as a secondary choice for stones >2 cm, with PNL recommended as a first-line approach [45, 46] . For complete staghorn calculi, EAU guidelines suggest ureteroscopy only as a combined approach together with PNL. AUA guidelines additionally emphasize on the necessity to achieve a stone-free status in patients harboring staghorn calculi, provided that comorbidities do not preclude treatment. The later recommendation is based on numerous literature reports which associate staghorn calculi with risks for renal function deterioration and potentially lethal infectious complications [1] .
In agreement with recommendations from EAU and AUA guidelines, the integration of ureteroscopy in a combined antegrade and retrograde approach seems to be particularly advantageous for treatment of staghorn calculi. First, antegrade placement of a guidewire and tract dilation comes at ease after retrograde stone debulking ( Fig. 3) [19] . Second, stone clearance can be performed with the nephroscope and ureteroscope working synergistically. Third, calyces not amenable to the nephroscope may become accessible for the ureteroscope, therefore alleviating the need for an additional percutaneous tract to the kidney [17, 18] . Forth, large stone fragments may be displaced with the ureteroscope in a position that will allow rapid clearance over the percutaneous tract, a technique described as the "pass-the-ball" maneuver [47] . Fifth, a final ureteroscopic inspection of the whole upper urinary tract allows eventual residual stone fragments (including those migrated to the ureter) to be cleared at the end of the procedure.
While a prone position had been historically described for the combined approach, more recent patient positioning developments suggest a Galdakao-modified supine Valdivia position in order to facilitate the procedure [24, 25] . Table 1 highlights commonly cited risks and limitations of prone or supine approaches (expert opinion). Patient positioning should be tailored according to the clinical situation, experience of the operative room staff and skills of the surgeons.
Ureteroscopy also appears relevant for the management of residual stones after primary PNL for staghorn calculi. As mentioned in the AUA Guidelines, a stone-free status shall be aimed in patients harboring infectious staghorn calculi [1] . Salvage ureteroscopy may therefore be particularly suitable for clearance of residual stones (expert opinion).
In certain special conditions, patients may be poor candidates for PNL and may rely on fully ureteroscopic monotherapy for treatment of staghorn calculi. Such situations may be encountered in face of antiplatelets or anticoagulants therapy, bleeding diathesis, anatomical constraints including morbid obesity, complex comorbid medical conditions or whenever a patient refuses a percutaneous approach. While ureteroscopic monotherapy for staghorn calculi has been described as feasible and safe in past studies [5e9], it is of utmost importance to inform the patient that a multi-stage approach is likely to be necessary.
Other strategies such as primary ureteroscopy and adjuvant ESWL have not been further developed through the 21st century. A possible explanation might have been the refinement of PNL techniques and instruments, together with cumulative evidence supporting PNL as a primary treatment option for staghorn calculi. Of note, simultaneous ESWL during ureteroscopy represents a technically feasible treatment option and may be evaluated for treatment of staghorn calculi in future (expert opinion).
Lately, feasibility of simultaneous bilateral endoscopic surgery (SBES) in a Galdakao-modified supine Valdivia position has been described [48] . Patients with staghorn calculi were excluded from that study. In contrast, Shen et al. [41] applied a SBES-like protocol to patients with ureteral stones and contralateral staghorn calculi. Considering the possible complications of both ureteroscopy (particularly infectious obstructive uropathy) and percutaneous surgery (particularly bleeding and infectious complications), it should be questioned whether this approach is safe in cases with contralateral staghorn calculi. In such cases, it should be advised not to perform the contralateral percutaneous access until the safe course of ureteroscopy has been secured (expert opinion). Flexible ureteroscopy is used for calyces that would be difficult to access with a nephroscope, alleviating the need for additional percutaneous tract dilations. Ongoing technological advances may redefine the role of ureteroscopy for staghorn calculi treatment in close future [49] . Of particular interest, the concept of active stone fragment aspiration over an ureteral access sheath has been recently presented as a method allowing faster stone clearance during ureteroscopy [50, 51] . Also, cumulative evidence from in vitro studies suggests the Thulium fiber laser as a potentially major advancement for ureteroscopic laser-lithotripsy, since it has been shown to overcome the limitations of currently available Holmium:YAG laser generators [52] . Altogether, there is a possibility for ureteroscopy to become routinely integrated in the management of staghorn calculi treatment.
Conclusion
Ureteroscopy plays a pivotal role in the setting of a combined approach to staghorn calculi. Ureteroscopy is also particularly suitable for clearance of residual stones. In specific cases, ureteroscopy may become the sole applicable therapeutic option to staghorn calculi. Technological advances and refinement of techniques suggest a major role of ureteroscopy for staghorn calculi treatment in close future.
